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Abstract 
The growth of internet based communication has facilitated the development of 
open source, collaborative methods of working, with growing exploration of virtual 
worlds as potential working environments . This paper describes their use for prod-
uct design and manufacturing, with examples from the virtual world Second Life 
for idea generation, collaborative design, and virtual manufacturing. 
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1 Introduction 
Through the combination of powerful computer networks and the principles of non-exclusive, 
‘copyleft’ licensing, there is a trend towards more decentralised methods of production, pro-
ducing a surge in innovation and creativity not seen since the advent of the industrial revolution 
(Lessig, 2001). Projects such as Wikipedia and op en-source software demonstrate how a loose, 
distributed group of individuals can collaborate. Amazon’s Mechan ical Turk service 
(http://www.mturk.com) facilitates the outsourcing of small ‘human intelligence tasks’. Compa-
nies such as Crowdspirit (http://www.crowdspirit.com) are demonstrating that an ‘open source’ 
method of production can be applied to physical products as well as information goods. Compa-
nies such as BMW and Boeing are collaborating acr oss global and loosely coupled value webs 
in design, manufacturing, maintenance and support of their products in order to become leaner 
and more focused organisations, while peer collaboration and production across the hundreds of 
companies involved in the Chinese motorcycle industry have propelled it to a dominant position 
in Asian markets in recent years (Tapscott and Williams, 2007, Chapter 8). 
How can these decentralised approaches be ha rnessed to improve the processes and quality of 
design and manufacturing? Here virtual worlds are examined as viable platforms for such activi-
ties. They are computer based immersive 3D environments that support social, business and 
educational activities (amongst others) through powerful network communications and building 
tools, and are a rapid growing sector of internet based activity, often touted as the future of web 
based applications. 
In this paper the use of virtual worlds during various aspects of product design and manufacture 
is considered, illustrated with exemplar s from the virtual world Second Life 
(http://secondlife.com), encompassing three areas: 1) idea generation; 2) design; and 3) manu-
facture; and discuss future trends in this area.  Because of its powerful networking and building 
capabilities, Second Life has proven to be a good platform for activities involving collaboration 
and creativity. 
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2 Idea Generation 
Companies tend to establish a presence on the Internet for a number of reasons, with marketing 
and customer support being the most common. Many are viewing virtual worlds as the next 
frontier, in part due to their quality of ‘playf ulness’ (Kozlov and Reinhol d, 2007) and thus see 
them as good vehicles for facilitating product innovation through idea generation, often through 
the use of competitions (Lang et al. 2008; Kohler et. al., 2008). Most have used the virtual world 
primarily as the marketing and general communication vehicle for such initiatives (e.g. OS-
RAM’s Million L$ Idea, Electrolux Innovation Grant Program, Steelcase Second Life Chair 
Design Competition). Others are looking to explo it the unique features of virtual worlds through 
immersive activities to enhance such projects “to co-create new ideas and solutions and to 
imagine new futures…in an innovative and play ful way to engage people in the creation of 
ideas and concepts” (http://community.livejournal. com/designfriends). The PhD project “Ava-
tar-Based Innovation” at the University of Innsbruck explores these ideas through “Ideation 
Quests”, separate collaborations with the comp anies Philips and KTM Motorcycle, implemented 
by Avaty (http://www.avaty.com). Here a brief de scription of the Philips Ideation Quest is pro-
vided. 
In the initial project, people were invited to partic ipate in an exploration of future sustainable 
living. Avatars followed a route of five playful and creative steps, inspired by the concept “Off 
the Grid: Sustainable Habitat 2020”. Topics explor ed under the banner of sustainable living in-
cluded: companies’ duty; smart activities; living spaces; and (smart) building materials. The 
steps and activities in which people participated included: 1) Get informed : Arrival (orientation 
to the project); 2) Get inspired  (stimuli material); 3) Get active : Challenges (word association, 
answer questions, structured group brainstorming); 4) Get creative : Ideation (submission of in-
dividual ideas through text, drawings & models); 5) Get critical : Idea Review (voting and 
comment on submitted ideas) (Fig. 1). Points were  awarded to individuals in three categories: 
creativity, collaboration, and expertise. 
As the project is still in progress, it is difficu lt to make any pronounced judgments on its out-
comes and it is not clear what Philips plans to do with the results. The initial quest was not well 
publicised and thus had a small number of participants, so one issue is how to encourage more 
involvement. Other unresolved questions include  IP ownership and rewards/remuneration for 
participants; resolution of these coul d encourage more participation. 
 
 
Figure 1. Brainstorming session at Philips Ideation Quest. 
3 Design 
Second Life is well known as an environment that encourages design, as it provides users with 
modeling and scripting tools that facilitate creative expression. While many use it to create ob-
jects that exist solely within the virtual world, others use it to solve real world design problems. 
For example, in fashion design, Second Life d esigners use the environment not only to show-
case their real world designs but also to prototype them. 
To date, Second Life has not been used to any significant extent for product and other engi-
neering design due to poor integration with exte rnal CAD environments and a toolset different 
to those in CAD systems (this, however, is slowly improving). It does, however, offer an excel-
lent scripting environment which can aid in facilitating simulations. Recent examples of Second 
Life for product design and engineering include 
• the development and marketing of a flat screen video ad system at a low cost simply by 
providing client demonstrations in the virtual rather than real world (Tahmincioglu, 
2008); 
• design of a personal rapid transit system (Lopes et al., 2008), which allowed testing of 
the design without the need to deploy more expensive methods for prototyping and 
simulation (both virtual and physical); 
• the ability for a toy designer in California to quickly produce a tectonic model of a 
prototype toy in Second Life and then hold virtual meetings in Second Life with an en-
gineer from the factory in Hong Kong to examine the model and work out details of 
manufacture and assembly (Tahmincioglu, 2008). 
As much of what is created in Second Life replicates the real world, it is not only popular for 
virtual recreations of real world buildings, but also as a tool to develop and market real world 
architectural designs (http://www.crescendodesign.com/secondlife.html). This allows clients to 
communicate remotely with the designer and expe rience the design in an immersive environ-
ment. An early example of virtual world desi gn simulation was developed by Starwood Hotels, 
who built a prototype in Second Life of its new aloft hotel concept in 2006-07 to solicit feed-
back from potential overnight guests (http://www.virtualaloft.com). Client suggestions were 
reflected in redesigned virtual and real life hotels. More recently, the founders of Studio 
Wikitecture (http://studiowikitecture.wordpress.com)  have led a number of experiments in Sec-
ond Life to determine what procedures and protocols might be necessary to practice a more 
open and distributed approach to architectural design. 
3.1 Wikitecture 
The Wikitecture project (Chase et al., 2008) attemp ts to use a ‘wiki-like’ methodology (i.e. col-
laborative, open source) to architectural design. The first experiment (a group effort at designing 
a small meeting kiosk) was not a true wiki in the sense that contributors could not modify or 
delete the contributions of others, and thus, very little was learned from this first effort. 
For the second experiment the group designed a c ourtyard building for in-world group meetings. 
Unlike the first one, members were able to modify or delete other contributors’ designs. To 
facilitate communication, contributors could post information (text and images) about their 
designs on a photo-sharing website and leave feedback on others’ designs. A rudimentary 
archiving system was introduced; this allowed rollback to previously saved design iterations. 
One important aspect of these experiments was the development of an assessment scheme to 
measure individual ownership in and contribution to the collaboratively authored design. In its 
current form contributors are asked to assess relative amounts of contribution of all team 
members (Table 1). This provides a simple but generally reasonable judgment as to how much 
of the outcomes (e.g. compensation, ownership, IP rights) should be allocated to each 
contributor. 
Table 1. Wikitecture contribution assessment. Columns represent contributors, rows voters. 
CP EE FL JN KB OT OB SG TS TR
KB 1% 4% 7% 0% 7% 20% 20% 1% 33% 7%
TS 0% 1% 5% 1% 20% 20% 10% 0% 40% 3%
TR 0% 0% 0% 0% 25% 10% 10% 0% 25% 5%
OB 0% 5% 5% 0% 25% 15% 20% 0% 25% 2%
FL 5% 0% 7% 0% 25% 15% 15% 0% 25% 5%
OT 0% 0% 0% 0% 20% 20% 10% 0% 50% 0%
Averages= 1.00% 1.67% 4.00% 0.17% 20.33% 16.67% 14.17% 0.17% 33.00% 3.67%
Adjusted Averages= 1.05% 1.76% 4.22% 0.18% 21.44% 17.57% 14.94% 0.18% 34.80% 3.87%  
 
The third experiment involved the design of a hea lth clinic in western Nepal, set as a competi-
tion project sponsored by the Open Archit ecture Network (http://openarchitecturenet-
work.org/challenge). Since the Network’s miss ion concerns open sourcing architecture for hu-
manitarian purposes, this presented a good opportunity to test the methodology. The group 
submission won third place in its category and the overall Founder’s Award for ‘embracing a 
truly collaborative way of working using online crowd sourcing and Second Life as a way to 
create a highly participatory design approach’ (Open Architecture, 2008).  
For this experiment an in-world interface was de veloped; this was in essence a 3D wiki that 
communicates with an external website (Fig. 2). It consists of two major components, a 'wiki-
tree' and a 'viewing kiosk'. The wiki-tree is comprised of a ‘tree-trunk’ and a ‘canopy’ of col-
oured spheres hanging above it (Fig. 3). A menu of  geometric objects with which to build is 
available from the tree trunk. 
 
 
Figure 2. Wikitecture 3.0 web forum feedback page. 
An individual design can be submitted to the tree. Above the tree sits a canopy of ‘leaf’ spheres, 
each containing a different design submission. The canopy visually conveys the evolutionary 
history of the designs through the spatial relationships between individual leaves. 
As with the previous experiment, designers can upload snapshots and descriptions of their ideas 
to the website. Visitors can use the tree or the web interface to cast votes on the designs sub-
mitted. This provides an additional way for members of the community to vote on the design 
and leave their own comments, thus expanding th e community to include those who cannot or 
choose not to access Second Life. The colour of individual leaves on the tree indicates popular-
ity of the corresponding designs. As the canopy grows, the tree periodically prunes itself of the 
lowest ranked designs, leaving only the most popular as options for further refinement. 
Two parcels of land in-world are available for the design team: the first, a ‘build’ parcel which 
allows one to work on a design in preparation for submission to the wiki-tree; the second, a 
‘viewing’ parcel to view designs stored within the wiki-tree. This allows one to simultaneously 
view, walk through and thus compare two designs (Fig. 3). 
 
 
Figure 3. Wikitecture 3.0 in world design mee ting on the viewing parcel; wiki tree on the right. 
With this technology, the group was able to focus a very diverse range of ideas into a naturally 
evolving process ranging from comprehensive text-b ased research to 2D plan diagrams, then 
into immersive 3D virtual models designed and built on a replica of the project site. In total, the 
design community consisted of over 40 members submitting over 50 different design contribu-
tions, 67 comments, 92 images and over 200 votes. There was a tremendous variance in peo-
ple’s contributions; ironically, the ideas from in frequent contributors had the biggest impact on 
the overall theme of the final design. 
The design submitted is only one point along a greater timeline. Had it been chosen for con-
struction, the virtual replica would not disappear after the competition is complete, but could 
live on as an evolving virtual model of the real world site, echoing each development and op-
portunity as the project came to life. This c ould enable people from around the world to experi-
ence the local site and conditions as it evolves, further expanding the outreach, awareness and 
support for this project to a global audience throughout its entire life cycle. 
4 Manufacturing 
As digital design and manufacturing tools become more affordable and easier to use, the trends 
of mass customisation and ‘just in time’ manuf acturing  are now available to small businesses 
and non-professionals. Designers (both professional and non-professional) can order finished 
products by sending their designs to online manufacturers such as Zazzle, CaféPress (t-shirts 
and other gifts), StyleShake (clothing), and Blurb (books). Spreadshirt 
(http://www.spreadshirt.com) has been suggested as a good candidate for direct manufacture of 
t-shirt designs modelled in Second Life. The P onoko service (Gibson, 2007) fabricates laser-cut 
products from one’s uploaded designs and provides th e option to sell directly through their site, 
thus increasing the synergy between designer, manufacturer and buyer. Projects such as RepRap 
(Sells et al., 2007) suggest the inevitable arrival of digital production facilities in the home. 
A recent project in virtual manufacturing is ‘Invisible Threads’ 
(http://www.doublehappinessjeans.com), actually in tended as art but highlighting a number of 
issues pertinent to the future of manufacturing. The project bills itself as ‘telematic manufac-
turing’, or a ‘virtual sweatshop’ and uses a traditional model of manufacturing as a starting 
point: a factory (with both virtual and real manifestations) that produces ‘Double Happiness’ 
brand jeans, recruitment in the virtual world for paid workers and, following an ‘indentured ser-
vitude’ model, a factory ‘village’ where workers r eceive a plot of virtual land on which to build 
whatever they wish. With the u se of an audio/video link between the real and virtual worlds, 
customers from the real world storefront/factory floor order customised goods. These orders are 
transmitted in real time to workers in the virtual factory, who can be physically located any-
where with a good Internet connection (Figs. 4 & 5). What the worker s produce are essentially 
templates for the fabrication of the jeans (akin to  CNC instructions), which are then transmitted 
back to the real factory floor, plotted and fabricated using traditional techniques for the waiting 
customer, who pays market prices for the finished product. 
 
 
Figure 4. Diagram of Double Happiness real wo rld factory with video link to Second Life 
 
Figure 5. Double Happiness virtual factory w ith video link for real world communication 
While Double Happiness is a traditional enterprise in  terms of its management structure, unlike 
Wikitecture or some of the innovation competiti ons, it is a good illustration of the possibilities 
of a virtual world for manufacturing and raises some interesting questions regarding the future 
of manufacturing (Zimmer, 2007 ), e.g. 
• How might this change the clothing manufacturing industry? 
• What new businesses might develop to receive  in the physical world that which was 
manufactured in virtual space? 
• Might this potentially impact equipment manufacturers in the future? 
• How might such virtual telematic workers impact economies, labour, laws, and society? 
5 Discussion 
The examples above demonstrate that collaboration in virtual worlds can have a significant role 
in the life cycle of product design and manufacture and raise a number of additional issues, in-
cluding: 
Community development : how does one build/assemble/discover a viable community of collabo-
rators? The Wikitecture experiments have been mo derately successful in this regard because the 
community in Second Life already existed as those interested in exploring the environment as 
an architectural design tool. The Ideation Quest s have been less successful, as no community 
previously existed and there was a lack of incen tive for potential contributors and no clear indi-
cation of how the results would be used. The Double Happiness factory used traditional meth-
ods to assemble its community (in-world advertisement for ‘unskilled’ paid workers). One 
current barrier toward building community here is the closed nature of Second Life and the 
software/hardware requirements for users. As virtual worlds become more open and interoper-
able this issue will dissipate (Terdiman, 2007). 
Project modularisation : this is an issue in any project of significant size involving multiple par-
ticipants. It is further exacerbated by the distri buted nature of virtual world communities, thus 
necessitating the establishment of effective protocols working and modularisation protocols. 
This modularity is a prerequisite for many successful crowdsourcing projects, and can allow the 
community to more accurately assess individual aspects of a design rather than a total design 
scheme. 
Contribution assessment : the Double Happiness factory uses a traditional method of remunera-
tion, i.e. payment based on one’s contribution of time. More open approaches to collaboration 
(e.g. Philips Ideation Quest and Wikitecture) pr ovide some means of assessing one’s contribu-
tion to the project but are fairly simplistic in their metrics. Improvements to these schemes could 
involve the use of fair division procedures (B rams, 2008) and include measures such as voting 
potency; fee size and the size of individual contributions. 
5.1 The Future of Open Source Design Networks 
As ‘vast information technology arenas’ morph in to networks that are more open and transpar-
ent, the projects within these networks will also become more open and transparent. Potential 
changes might include: 
• Increased opportunities for less experienced professionals and smaller firms due to the 
potential to more easily outsource project components. The type of online ‘de-
sign/manufacture’ services described  earlier can facilitate this. 
• Peer review of tendered bids, with an e quitable compensation scheme for reviewers, 
precipitated by market pressures and the increasing importance of an integrated and de-
centralised model of project organisation; 
• Alternative paths to professional registration, including the possibility of graduated 
licensure based on qualifications; 
• A continuing trend toward more collaborative relationships between designers, 
manufacturers and other suppliers, and end users. 
5.2 Conclusions 
Although virtual worlds are considered as being in a nascent state, what has been described here 
is their viability as environments for design and manufacturing. The benefits arise from an open, 
integrated environment that combines modelling and communication. Significant improvements 
to the virtual world technology and changes to working methods for design and manufacturing 
are still on the horizon, but one can clearly see their potential. 
The use of an open design environment such as Second Life in conjunction with open source 
approaches to design and manufacturing through initiatives such as the Open Architecture Net-
work allows individuals increased opportunity to self-select and organise around projects that 
interest them most, resulting in more widespread dissemination of knowledge and expertise, 
with increased benefits of creativity, motivation, and flexibility, and altogether more efficient 
processes. 
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